Abstract-Multiarea economic dispatch (MAED) is developed from the basic economic dispatch (ED) problem, which considers the optimal power dispatch of multiple areas in terms of operational costs. In this study, the concept of MAED is further extended into multiarea environmental/economic dispatch (MAEED) by taking into account the environmental issue. The objective of MAEED is to dispatch the power among different areas by simultaneously minimizing the operational costs and pollutant emissions. In this paper, the MAEED problem is first formulated and then an enhanced multiobjective particle swarm optimization (MOPSO) algorithm is developed to derive its Pareto-optimal solutions. The tie-line transfer limits are considered as a set of constraints during the optimization process to ensure the system security. Furthermore, the area spinning reserve requirements are incorporated in order to increase the system reliability. The reserve sharing scheme is applied to ensure that each area is capable of satisfying the reserve demand. Simulations based on a four-area test power system are carried out to illustrate the effectiveness of the proposed optimization procedure as well as the impacts caused by the different problem formulations.
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I. INTRODUCTION
Development of the power dispatch problem can be divided into several stages. The traditional economic dispatch (ED) has only one objective for minimizing fuel costs. With the increasing awareness of environmental protection in recent years, environmental/economic dispatch (EED) is proposed as an alternative to achieve simultaneously the minimization of fuel costs and pollutant emissions [1] . At the same time, only limited work has been carried out to deal with the multiarea economic dispatch (MAED), where power is dispatched within multiple areas [2] , [3] , [5] , [6] , [8] , [9] . In this paper, we further extend the concept of EED into the MAED scenario and a new concept termed multiarea environmental/economic dispatch (MAEED) is proposed by also minimizing the pollutant emissions in the MAED context. The MAEED problem is first presented and then an enhanced multiobjective particle swarm optimization (MOPSO) algorithm is developed to handle the MAEED problem. In the problem formulation, the tie-line transfer capacities are treated as a set of design constraints to increase the system security. Furthermore, area spinning reserve requirements are also incorporated in order to ensure the system reliability. Reserve-sharing scheme is used 1-4244-0474-6/06/$20.00 2006 IEEE c to enable the area without enough capacity to meet its reserve demand. A four-area test power system is then used as an application example to verify the effectiveness of the proposed method through numerical simulations. A comparative study is also carried out to illustrate the different solutions obtained based on different problem formulations.
The remainder of the paper is organized as follows: In Section II, the MAEED problem is formulated. The inner working of the particle swarm optimization (PSO) algorithm is discussed in Section III. In Section IV, the proposed method for optimal MAEED is presented. Simulation where PTjr,mkn and PTjk,ma specify the tie-line transmission capability. In summary, the objective of MAEED optimization is to minimize F1 and F2 simultaneously subject to the constraints (11.8), (11.9), (11.10), and (11.12).
III. PARTICLE SWARM OPTIMIZATION
Particle swarm optimization (PSO) is inspired from the collective behavior exhibited in swarms of social insects [4] . It has turned out to be an effective optimizer in dealing with a broad variety of engineering design problems. In PSO, a swarm is made up of many particles, and each particle represents a potential solution (i.e., individual). A particle has its own position and flight velocity, which keep being adjusted during the optimization process based on the following rules: Vt+i = U * ci * rand* (Pig,t -Xt) * Vt +c2 * Rand* (Pvg,t Xt) (111.13) Xt+i = Xt + Vt+i (111.14)
where Vt+l is the updated particle velocity in the next iteration, Vt is the particle velocity in the current iteration, w is the inertial dampener which indicates the impact of the particle's own experience on its next movement, c1 * rand represents a uniformly distributed number within the interval [0, cl], which reflects how the neighbors of the particle affects its flight, Pig,t is the neighborhood best position, Xi is the current position of the particle, c2 * Rand represents a uniformly distributed number within the interval [0,c2], which indicates how the particle trusts the global best position, PVg,t is the global best position, and Xt+l is the updated position of the particle.
Under the guidance of these two updating rules, the particles will be attracted to move toward the best position found thus far. That is, the optimal solutions can be sought out due to this driving force.
IV. THE PROPOSED SOLUTION METHOD
We have proposed an enhanced multi-objective particle swarm optimization (MOPSO) algorithm and used it to successfully resolve both deterministic and stochastic EED problems [7] . In this section, the algorithm will be adopted to deal with the MAEED problem. 97 where PS is the population size.
B. Constraints handling
Rejecting strategy is used as the constraint checking procedure. When any two individuals are compared, their constraints are examined first. If both satisfy the constraints, the concept of Pareto dominance is then applied to determine which one is the winner. If one is feasible and the other is not, the feasible candidate dominates.
C. Optimization procedure
The computational flow of the proposed optimization procedure is laid out as follows:
.
Step 1: Specify the lower and upper bound generation power of each unit as well as the tie-line transfer limits; specify the area loads and reserves. . Step 2: Randomly initialize the individuals of the population.
Step 3: Evaluate each individual Pi in the population based on the concept of Pareto-dominance. * Step 4: Store the non-dominated members found thus far in the archive. .
Step 5: Initialize the memory of each particle where a single local best pbest is stored. The memory is contained in another archive. . Step 6: Increase the iteration counter. . Step 7: Choose the personal best position pbest for each particle based on the memory record; Choose the global best gbest from the fuzzified region using binary tournament selection. The niching and fitness sharing mechanism is also applied throughout this process for enhancing solution diversity. 
.,(GN+ 2*TLN) p(t))
Step 11: If the current individual is dominated by the pbest in the memory, then keep the pbest in the memory; Otherwise, replace the pbest in the memory with the current individual. * Step 12: If the maximum iterations are reached, then go to Step 13. Otherwise, go to Step 6. .
Step 13: Output a set of Pareto-optimal solutions from the archive as the final solutions.
V. AN APPLICATION EXAMPLE
In this study, a four-area test system is used to investigate the effectiveness of the proposed MOPSO algorithm. There are four generators in each area with different fuel and emission characteristics, which are shown in Table I and Table II , respectively. The tie-line transfer limits are shown in Table  III . The system base is 100 MVA. The area loads are 0.3, 0.5, 0.4, and 0.6 p.u., respectively. The area spinning reserve is 30% of the load demand in each area. The transmission cost is neglected in the simulations since it is normally small as compared with the total fuel costs. G4,4 (IV. 16) where GN is the total number of generators, and TLN is the number of tie lines. * Step 9: Modify the member position of each individual Pi based on (111.14) as follows: P(t+l) = pM( t)+ v(+) (IV.±17) * Step 10: Update the archive which stores non-dominated solutions according to the four selection criteria [7] . In the simulations, after some trials, both the population size and archive size are set to 100, and the number of generations is set to 500. The constants c1 and c2 are both chosen as where itermax is the number of generations and iter is the current number of iterations. In the first 200 generations, the gbest is fuzzified using a large standard deviation to generate a region around the gbest according to Gaussian distribution. In the remaining 300 generations, its value is decreased. This makes sense since, similar to the choice of w values, initial large standard deviation enables global search while the following small standard deviation facilitates local exploration using small movement in each iteration. The minimum fuel costs and minimum emissions obtained with and without interarea aid are shown in Table IV and Table V where k > j, indicate that the reserve is sent from area k to area j when needed. From the simulation results, we can appreciate that when the area spinning reserve requirements are considered, higher operational costs and higher emissions are inevitably caused for achieving higher power system reliability.
VI. CONCLUDING REMARKS
In this paper, a new concept termed multiarea environmental/economic dispatch (MAEED) is proposed and an enhanced multiobjective particle swarm optimization (MOPSO) algorithm is used to derive a set of Pareto-optimal solutions. The tie-line transfer limits between areas are considered to ensure the power system security. Also, the area spinning reserve requirements are incorporated in order to increase the system reliability. A comparison is made between the solutions obtained from different problem formulations. In this work, reserve sharing is only applied when there exists an area without sufficient generation capacity for reserve requirement fulfillment. In the future work, the reserve can be simultaneously scheduled with the generation. Moreover, the power flow in each area can be considered to further increase the system security. Other issues such as transmission losses, transmission costs, and buying and selling policies between areas can also be considered to reflect more realistic situations in MAEED problems.
